Introduction
In European countries ~10-15% of couples are afflicted by infertility. In 60% a male factor is implicated (Nieschlag and Behre, 1997) . The distribution of aetiological factors for male infertility reveals that apparently 30% of the patients suffer from idiopathic infertility (Table I) . Acute and chronic infections of the genitourinary tract may play a contributing role in male factor infertility.
Infectious processes can impair fertility by different mechanisms, including deterioration of spermatogenesis, impairment of sperm function, and obstruction of the seminal tract (Bar-Chama and Fisch, 1993; Purvis and Christiansen, 1996) .
Deterioration of spermatogenesisimpairment of sperm function
It has been shown that in up to 60% of patients with acute epididymitis, spermatogenesis is at least temporarily impaired (Berger et al., 1984) . After antibiotic therapy semen parameters usually return to normal so that this phenomenon seems to be reversible . If the infectious process causes deterioration in the blood-testis barrier, this may lead to significant formation of sperm antibodies which can be detected in serum and seminal plasma (Jarow et al., 1990) . It is not clear if sperm anti-bodies in serum are of any significance for the patient's fertility (Bals-Pratsch et al., 1992; Moskowitz et al., 1992) but it has been shown that sperm antibodies in semen may adversely affect sperm function (Jarow et al., 1992; Shortliffe et al., 1992) .
By adhesion and/or agglutination some micro-organisms may immobilize sperm cells. This effect depends on the concentration of bacteria in semen. It has been shown that even at 10 4 bacteria/ml, Escherichia coli decrease sperm motility in vitro (Auroux et al., 1991; Monga and Roberts, 1994) . Sperm agglutination by bacteria has been shown not only for E.coli, but also for Chlamydia trachomatis (Wolner-Hanssen et al., 1984) , mycoplasms (Busolo et al., 1984) , Candida albicans and Trichomonas vaginalis (Tuttle et al., 1977a,b) . Furthermore binding of bacteria to the sperm cell surface may impair sperm-oocyte interaction. The patients were submitted for infertility treatment. Only the main diagnosis for each patient was listed. This distribution compares favourably with data from other centres for reproductive medicine (Nieschlag and Behre, 1997) .
Effect on accessory gland function
Although in former decades genital tract obstructions due to infectious diseases such as gonorrhoea were quite common, today these cases are relatively rare (Fowler, 1991) . Some authors postulate that genital tract infections can cause partial obstructions of the seminal tract, leading to severe oligozoospermia. Martin-Du Pan et al. (1997) treated 20 patients presenting with severe oligozoospermia with anti-inflammatory drugs (100 mg diclofenac for 3 weeks). The authors found an improvement of sperm parameters in 13/20 cases and concluded that in these patients chronic genital tract infections led to partial obstuction of the seminal tract which was successfully treated by diclofenac. However, as this study was not controlled and the number of patients was small, definite conclusions cannot be drawn from this study. However, infections of the seminal tract may impair accessory gland function and thereby lead to changes in the composition of seminal plasma Purvis and Christiansen, 1996) . For assessment of accessory gland function, concentrations of marker substances can be determined in seminal plasma. Cooper et al. (1990) demonstrated that infections of the male genital tract are associated with significantly lower seminal plasma concentrations of glycerophosphocholin, L-carnitine and acid citrate. This was confirmed by Wolff et al. (1991) who found a negative correlation between concentration of granulocyte elastase, a marker for genital tract infection, and acid citrate, representing functional capacity of the prostate. If infections of the seminal tract lead to occlusion of the duct system, rectal ultrasound imaging may be an important diagnostic tool (Purvis and Christiansen, 1996) . The most commonly used method to diagnose seminal tract infections is semen culture. Today more advanced microbiological techniques, e.g. amplification methods, can be applied to specifically detect bacteria and viruses in serum, ejaculate or seminal plasma. Highly specific assay systems are available to detect antibodies against these micro-organisms in serum or seminal plasma or to determine concentrations of their secretory products. However, current literature defining the role of infection in male infertility is often inconsistent, and the mechanisms by which micro-organisms and leukocytes contribute to male infertility remain controversial. In this review the impact of asymptomatic seminal tract infections on male fertility and treatment options will be discussed.
Definition of seminal tract infections
World Health Organization guidelines (WHO, 1992) define a seminal tract infection by the following parameters: (i) significant bacteriospermia (≥10 3 bacteria/ml ejaculate); (ii) detection of Neisseria gonorrhoeae/C.trachomatis/Urea urealyticum; (iii) significant leukocytospermia (≥10 6 peroxidase-positive leukocytes/ml ejaculate)
This definition is conflicting in several ways. The presence of bacteria in semen does not neccessarily signify infection since bacteriospermia may represent contamination, colonization or infection. This is due to the circumstances of sample collection and to colonization of the urethral orifice. Semen that passes through the genital tract is routinely contaminated by gram-positive bacteria, usually Staphylococcus, Streptococcus, or diphteroids (Fowler et al., 1984) . Fluid from the vas deferens of men undergoing vasectomy has uniformly yielded negative culture results (Bar-Chama and Fisch, 1993) .
Seminal plasma contains bacteriocidal substances so that some bacteria, even if present in the ejaculate, cannot be detected by routine semen analysis.
Microbiological methodology applied to detect seminal tract infections is of crucial importance, as anaerobic bacteria, for example, can only be detected, if optimal conditions for sample collection, semen culture and analysis are provided. However, the major problem is not the sensitivity of detection methods -as nowadays highly specific and sensitive methods are either available or under development -it is differentiating between infections which should be treated and those which should not.
WHO parameter: significant bacteriospermia (≥10 3 bacteria/ml ejaculate)
If the concentration of bacteria in the ejaculate exceeds 10 3 bacteria/ml this is postulated to be a 'significant bacteriospermia' which potentially should be treated antibiotically (WHO, 1992) . For the above-mentioned reasons, literature on the incidence of seminal tract infections in asymptomatic male infertile patients is controversial.
Ureaplasma urealyticum
Mycoplasms are sexually transmitted bacteria which frequently colonize the urethra of asymptomatic sexually active men (Purvis and Christiansen, 1993) . Four different mycoplasm species are known, of which U.urealyticum has major importance. It may be responsible for up to 25% of cases of non-gonococcal urethritis and, like C.trachomatis, can be symptomatic or asymptomatic (Moskowitz et al., 1992) . Mycoplasms contain RNA and DNA. They differ considerably from normal bacteria and viruses. Special media are needed for culture. Studies on the incidence and prevalence of mycoplasms in the USA showed significantly higher prevalence in the black population, poor people and in non-condom-users (Stray-Pedersen, 1985) . Megory et al. (1987) found U.urealyticum in 40% of infertile patients whereas only 28% of fertile sperm donors had positive cultures. Other groups found 10% (Eggert-Kruse et al, 1992) , 15.1% (Balmelli et al., 1994) , 22% (Eggert-Kruse et al., 1995) and 31.3% (Engel et al., 1994) positive cultures in infertile patients respectively (Table II) . Ombelet et al. (1997) compared the prevalence of U.urealyticum and Mycoplasma hominis in fertile (n = 144) and infertile patients (n = 143). There was no significant difference in both populations. Improvement of fertility rates after antibiotic treatment has never been demonstrated.
Intestinal bacteria

Aerobes
E.coli and Enterococci are common bacteria of the intestinal tract. Whereas Hillier et al. (1990) detected both types of bacteria in 13% of their patients, Balmelli et al. (1994) detected Enterococci in 6.1% and E.coli in 1.7 % of their patients. Eggert-Kruse showed that the frequency of detection for both bacteria depends on detection methods: in a study from 1992 the authors could detect Enterococci in 30.3% and E.coli in 7.3% (Eggert-Kruse et al., 1992) whereas the same group found Enterococci in 41% and E.coli in 13% when specific detection methods were used (Eggert-Kruse et al., 1995) (Table III) . Several studies examining the association between gram-negative bacterial infection and infertility have failed to establish a linkage (Berger et al., 1982; Naessens et al., 1986) . A comparison between fertile (n = 144) and infertile (n =143) patients concerning the prevalence of E.coli and/or Enterococci in semen did not reveal significant differences (Ombelet et al., 1997) . As the overall incidence of gram-negative bacterial infection is low in young men and no clear association between gram-negative bacteria and infertility exists, it is considered that these bacteria are unlikely causes of male infertility. 
Anaerobes
Detection of anaerobic bacteria in the ejaculate is difficult due to aerobic conditions at semen collection. Furthermore anaerobic bacteria can only be cultured in special media and need optimal conditions to be detected. Due to these reasons data concerning anaerobic germs in the ejaculate are contradictory: Eggert- Kruse et al. (1992) found anaerobes in 23% of their patients whereas Engel et al. (1994) found anaerobes in 66%. When Eggert-Kruse et al. performed a study in 1995 which was especially designed to detect anaerobes in human semen samples, anaerobic bacteria could be detected in 99% of the samples. This suggests that anaerobes normally colonize the male urethral orifice and therefore are not considered to be a major cause of male infertility.
WHO parameter: C.trachomatis
C.trachomatis is the most frequently sexually transmitted bacterial disease in industrialized countries. It is estimated that in the USA ~4×10 6 new cases occur annually (Quinn et al., 1996) . In women sequelae after salpingitis -including C.trachomatis-associated disease -is the most common cause of acquired infertility. In a prospectively followed cohort of women who all sought pregnancy after one episode of laparoscopically verified acute salpingitis, 7.8% were infertile because of post-salpingitic tubal occlusion, compared with 0.9% women in the control group. Important factors in post-salpingitic infertility were the number of episodes (Weström, 1996) .
C.trachomatis is a bacterium whose infectious form, the elementary body, attaches to cell surfaces, is engulfed by endocytosis and replicates intracellularly (reticulate bodies). It has been shown that infection of epithelial cells with C.trachomatis up-regulates mRNA expression and secretion of the proinflammatory cytokines interleukin (IL)-8, growth-related oncogene protein-alpha (GRO-α), granulocyte-macrophage colony stimulating factor and IL-6. This epithelial cytokine response was delayed until 0-24 h after infection and persisted throughout the chlamydial growth cycle (Rasmussen et al., 1997) . These findings suggest a novel pathophysiological concept wherein the acute host response to C.trachomatis at mucosal surfaces is primarily initiated and sustained by epithelial cells, the first and major targets of chlamydial infection. Infections of the male and female genital tracts are often asymptomatic. C.trachomatis infections can persist for long periods. However, data concerning the incidence of C.trachomatis infections show significant variation due to differences in the patient populations studied and due to differences in the detection methods used (Table IV) . In patients with acute or chronic urethritis, C.trachomatis can be detected in up to 70% (Martin et al., 1990) .
C.trachomatis antigen can be detected by cell culture, enzyme-linked immunosorbent assays and amplification methods (polymerase chain reaction: PCR; ligase chain reaction: LCR) (Lee et al., 1995) . Using cell culture from urethral swabs C.trachomatis infection was found in 15% of asymptomatic infertile patients (Soffer et al., 1990) . Berclaz et al. (1993) used DNA-probes and found C.trachomatis in 20% of the semen samples.
For detection of antibodies in serum or seminal plasma, specific assays should be used which specifically test for C.trachomatis antibodies, otherwise cross-reacting antibodies against C. pneumoniae can give false positive test results . Using C.trachomatis-specific tests, between 15-25% of infertile patients show positive antibody titres (Wolff et al., 1991; Berclaz et al., 1993; Keck et al., 1997) whereas in normal fertile populations 10% have positive titres (Clad et al., 1994) . Weidner et al. (1996) investigated 131 consecutive infertile male patients without evidence of acute urethritis and with negative urethral C.trachomatis culture. The authors analysed C.trachomatis antibodies in seminal plasma and serum by a genus-specific rELISA and chlamydial DNA in semen by PCR. Serum antibodies were found in 51 patients (38.9%) whereas in seminal plasma only seven patients showed positive IgG and 26 patients showed positive IgA titres. Only two patients with positive IgA titres showed a positive chlamydial PCR (8%) (Weidner et al., 1996) .
Eggert- Kruse et al. (1996) examined 197 randomly chosen patients and determined chlamydial antibodies in ejaculates and in endocervical material from the partners of the patients and serum samples from both partners. In addition C.trachomatis was detected by DNA probe test in semen and several sperm function tests were performed. Chlamydial IgA was found in semen samples of 18.8% of the patients while IgG was found only in 8.1%. Screening for chlamydial genome was negative in all patients. There was neither a correlation between antibody status and sperm quality nor between antibody status and parameters of cervical mucus quality. However, a significant relationship between chlamydial antibodies in patients' semen with past genital infections of their female partners was found with clinical relevance for a tubal infertility factor (Eggert-Kruse et al., 1996 . These findings were in concordance with studies from Eggert-Kruse et al. (1990) , Berclaz et al. (1993) and Weidner et al. (1996) . Witkin (1996) found a significant correlation between C.trachomatis antibody titres in serum from infertile women and antisperm antibodies on ejaculated spermatozoa of their partners. In addition to the above-mentioned studies this suggests that the main influence of chlamydial infections on infertility is due to sexual transmission, resulting in tubal disease and subsequent tubal infertility in the female partner.
WHO parameter: leukocytospermia
Another controversial topic is leukocytospermia. Leukocytospermia, also known as leukospermia, pyospermia or pyosaemia, is used to designate abnormally high concentrations of white blood cells (WBC) (WHO, 1992) . The prevalence of leukocytospermia in male infertility patients varies from 2% to 40% depending on the patient population, the detection method and threshold values used (Table  V) (Andersen and Politch, 1996) . By peroxidase staining only polymorphonuclear leukocytes (PMN) can be detected. Since these comprise 50-80% of total seminal white blood cells the total number of leukocytes may be twice the number of PMN detected. Lowering the leukocytospermia threshold value to 5×10 5 PMN/ml semen provides comparable data to using 1×10 6 total WBC/ml (Politch et al., 1993) . Although some studies have demonstrated that individuals with specific seminal WBC concentrations >10 6 /ml have reduced semen quality and other characteristics associated with subfertility, no study has demonstrated that this seminal WBC threshold (or any other) is critical to human fertility, or to detection of subclinical infection. Anderson and Politch (1996) . WBC = white blood cells; PMN = polymorphonuclear leukocytes.
Characteristics and origin of white blood cells in semen
Human semen predominantly contains PMN, but in addition macrophages, T lymphocytes and B lymphocytes (Tables VI and VII) . The median WBC count in semen from healthy fertile men reveals a wide range between 9000 and >20×10 6 /ml (Wolff and Anderson, 1988a,b) . In an analysis of 120 asymptomatic patients attending an infertility clinic, 97% were found to possess detectable numbers of leukocytes and in 82.5% of these samples the predominant leukocyte species was the granulocyte (Aitken, 1994; Aitken and Fisher, 1994; . Table VI . White blood cell (WBC) subpopulations in semen of fertile donors and infertile patients according to Wolff et al. (1988a) Fertile men (n = 7) Infertile men(n = 51) (×1000/ml) (median) (×1000/ml) (median) It has been shown that WBC counts after vasectomy are only 10-15% of the WBC counts in non-vasectomized men (Anderson et al., 1991) . This suggests that the majority of WBC in semen derives from the testis and epididymis. A possible aetiology of leukocytospermia is subclinical genital tract infection. However, isolation of specific bacterial pathogens associated with leukocytospermia has been unsuccesful (Berger et al., 1982; Hillier et al., 1990) . Barratt et al. (1990) suggested that leukocytospermia may reflect in at least some cases enhanced WBC recruitment and activity in the male urogenital tract as a result of abnormal spermatogenesis or poor sperm viability. Therefore leukocytospermia may be associated with poor semen parameters, but may be a result rather than a cause of male infertility. Abnormally low numbers of WBC are associated with poor fertilizing capacity of sperm in human in-vitro fertilization programmes (Tomlinson et al., 1992) . Some reports suggest that leukocytospermia may derive from environmental and toxic factors. Consumption of cigarettes may result in significant increase of WBC count, whereas intake of alcohol or marijuana only marginally increase leukocyte concentrations (Close et al., 1990) . Other factors that could contribute to increased seminal WBC include sexual behaviour (e.g. anal intercourse), frequency of ejaculation, hygiene practices, partner's use of potentially irritating vaginal products etc. . It seems possible that leukocytic infiltration is induced by the spermatozoa themselves. Thus it is known that insemination results in a sudden infiltration of leukocytes into the female reproductive tract and it has been demonstrated that both spermatozoa and sperm-free seminal plasma can provide the chemotactic signals responsible for eliciting this leukocytic response to insemination (Yanagimachi et al., 1963; Maroni et al., 1972) . Another possible mechanism by which spermatozoa might attract neutrophils is through the activation of complement. If spermatozoa are incubated with complement-fixing antisperm antibodies they are readily recognized and phagocytosed in vitro by polymorphs (D'Cruz et al., 1992) .
Effects of leukocytes on sperm function
When discussing the effect of leukocytes on sperm function, one has to differentiate between sperm function in vitro and in vivo. Furthermore, when interpreting the results of in-vitro studies, one has to keep in mind that the purity of sperm preparation has a major impact on the study results. It has been shown that seminal plasma contains high amounts of prostaglandins, especially prostaglandin E (PGE). PGE is involved in the regulation of granulocyte secretion capacity (Weissmann et al., 1978; Weissmann, 1980) . Thus if experiments are performed in unprepared fresh semen samples, it may be difficult to differentiate direct effects on granulocytes present in the semen sample from indirect effects which result from a modulation of PGE metabolism (Wongkam et al., 1991) .
Whereas recent findings provide evidence that leukocyte contamination into the range re-garded as pathological by WHO (1992) is compatible with normal sperm function, it was shown that the presence of low concentrations of leukocytes (range 0.02-1.5×10 6 /ml) in Percoll-prepared sperm suspensions are associated with an impaired capacity for oocyte fusion and movement. The causative nature of the relationship between leukocyte contamination and impaired sperm function is indicated by the fact that the selective removal of the leukocyte population with anti-CD45-coated paramagnetic beads results in a significant improvement in sperm function (Aitken and Baker, 1995; .
It has been shown that depending on their activation status, leukocytes are capable of producing cytokines and reactive oxygen species (ROS). Hydrogen peroxide (H 2 O 2 ), free oxygen radicals and reactive nitrogen intermediates are produced by activated macrophages and granulocytes and are highly toxic to spermatozoa (Anderson and Hill, 1988; Eisermann et al., 1989; Hill et al., 1989; Aitken and West, 1990; Anderson and Politch, 1996) . They are mediators of cellular damage as a consequence of their capacity to modify biologically important molecules. Free oxygen radicals can lead to peroxidative damage of the sperm plasma membrane and a resultant loss of fertilizing potential (Aitken, 1997) . Furthermore they may lead to oxidative damage to DNA with high incidence of DNA strand breaks (Aitken, 1994; Aitken and Fisher, 1994; Hughes et al., 1996; Sun et al., 1997) . The degree of sperm damage by WBC products depends on the location of the inflammatory reaction, the duration of exposure of sperm to these products and the ability of sperm cells to activate their intrinsic anti-lipoperoxidative defence systems (Storey, 1997) .
In addition to the production of free oxygen radicals, leukocytes are capable of producing a variety of cytokines (Rajasekaran et al., 1996; Srivastava et al., 1996) . There seems to be a relation between ROS formation and cytokine production (Depuydt et al., 1996) . They determined hepatocyte growth factor (HGF), IL-1 receptor antagonist, interleukins (IL-1α, IL-6, IL-8) as well as the production of ROS in seminal plasma of fertile and infertile men. The results of their study indicate that all of the measured cytokines seem to be produced locally as well as by WBC. The most specific marker for discriminating between cases with or without accessory gland infection was IL-6. Thus determination of this cytokine may be useful to differentiate between physiological forms of leukocytospermia and leukocytospermia due to infection. Dousset et al. (1997) measured concentrations of interleukins (IL-β, IL-2, IL-6) and those of interleukin soluble receptors (IL-2, IL-6) in semen of fertile and infertile men and correlated the results with semen parameters and hormonal profiles. The authors found an increase of IL-1β in the group of patients with infertility but no other significant correlations between the parameters measured (Dousset et al., 1997) . When Paradisi et al. (1997) measured IL-4, IL-6 and the soluble interleukin-2 receptor in fertile and infertile men, they saw significant higher level of IL-6 in the infertile group compared with the fertile men. Furthermore IL-6 concentration correlated positively with leukocyte count and negatively with sperm count, motility and morphology. IL-4 was be detected. However, the number of patients studied (18 fertile, 20 infertile) was too small to allow final conclusions. Huleihel et al. (1996 Huleihel et al. ( , 1997 examined IL-1β, IL-6, tumour necrosis factor (TNF)-α, soluble TNF (sTNF) receptors types I and II and IL-1 receptor antagonist in seminal plasma of fertile and infertile men. Concentrations of IL-1β, TNF-α and IL-6 were similar in both groups. However, mean concentrations of sTNF-I receptor were significantly higher in the group of fertile compared with infertile men. Soluble receptor of TNF-II was be detected in any group. IL-1 receptor antagonist levels were lowest in the group of fertile men, higher in the group of infertile men and highest in the group of infertile men with leukocytospermia.
The results of the studies mentioned above indicate that during genital infection cytokines and various soluble receptors of immunoregulatory cytokines are expressed distinctly in seminal plasma and may be involved in the regulation of sperm cell functions. 
Effects of leukocytospermia on fertility
Various studies report on negative correlations between WBC count and seminal parameters (Perez-Pelaez et al., 1982; Van der Ven et al., 1987; Wolff et al., 1990; Vogelpoel et al., 1991; Schreiber et al., 1996; Thomas et al., 1997) . Others show associations between high WBC concentrations and poor results in the hamster ovum penetration assay (Berger et al., 1982; Maruyama et al., 1985) or in human IVF programmes (Cohen et al., 1985; Talbert et al., 1987) . In contrast to that, Tomlinson et al. (1992 Tomlinson et al. ( , 1993 and Bize et al. (1991) did not see any correlation between WBC counts and semen parameters. Some authors even suggest positive or protective effects of WBC on spermatozoa (Barratt et al., 1990a; Kiessling et al., 1995) (Table VIII) . These differences are most probably due to different test systems which have been applied in different studies.
Induction of antisperm antibody formation
Increase of WBC concentrations in the seminal tract may induce formation of antisperm antibodies. These antibodies may be detected both in serum and seminal plasma (Witkin and Toth, 1983; Ingerslev et al., 1986) . Vasectomized men show significantly lower T suppressor cytotoxic lymphocytes and higher antisperm antibodies compared with fertile men (Witkin and Goldstein, 1988) . On the other hand, Barratt et al. (1990b) have shown that antisperm antibodies can be associated with a predominance of seminal T suppressor cytotoxic lymphocytes in men with either vasovasostomy or an undetermined cause of antisperm antibodies. However, the association of male genital tract infection and antisperm antibodies has not been consistently established. Wolff et al. (1990) did not see a correlation between leukocytospermia and sperm antibodies. Gonzales et al. (1992) and Kortebani et al. (1992) could only demonstrate a correlation when seminal tract infection and increase of antisperm antibody concentration were associated with seminal vesicle dysfunction. Whereas El-Demiry et al. (1987) described a direct relationship between PMN and IgG antibodies in infertile men, Tomlinson et al. (1993) found no correlation.
Treatment of leukocytospermia
There are numerous reports on the effect of antibiotic treatment on leukocytospermia and its effect on semen quality. Sokol et al. (1975) saw a decrease of WBC concentration and a significant improvement of semen quality after antibiotic therapy. Antibiotics have been given as monotherapy and in combination with or without antiphlogistic agents. Haidl (1990) reported on improvement of semen quality and decrease of leukocyte and bacteria concentration in seminal plasma as a result of combined antiphlogistic and antibiotic treatment in patients with chronic seminal tract infection. Branigan et al. (1992) combined doxycycline and trimethoprim-sulphamethoxazole successfully for treatment of leukocytospermia. Not only have conventional semen parameters been shown to improve as a result of antibiotic therapy, but also sperm function in the hamster ovum penetration assay (Berger et al., 1982; Stenchever et al., 1982; Maruyama et al., 1985) .
As WBC produce cytokines, ROS and other substances that are potentially harmful to spermatozoa, some workers developed strategies to improve sperm function in patients with leukocytospermia by applying substances such as vitamin E or other ROS scavengers to decrease high levels of free radicals in semen (Tomlinson et al., 1992) . Furthermore, the addition of antioxidant-containing solutions to the semen sample during liquefaction and centrifugation may reduce the detrimental effects of ROS to sperm cells during the process of sperm preparation for insemination procedures (Parinaud et al., 1997) . Since reactive nitrogen intermediates produced by activated granulocytes and macrophages have been shown to decrease cyclic nucleotide levels in spermatozoa (Tomlinson et al., 1992) , pentoxifylline, a phosphodiesterase inhibitor which increases intracellular cAMP concentrations, is currently under investigation for treatment of leukocytospermia.
In contrast to reports on positive effects of antibiotic treatment on leukocytospermia and semen quality respectively, other authors have not confirmed these data. In a double-blind prospective study Comhaire et al. (1986) found no effect of doxycycline therapy in infertile couples with male accessory gland infection. Neither did Yanushpolsky et al. (1995) find an effect of doxycyclin or trimethoprim-sulphamethoxazole treatment in asymptomatic infertile men.
The WHO guidelines define a concentration of >10 6 leukocytes/ml ejaculate as a clinically significant sign of infection. This seems questionable. To evaluate the relationship between seminal leukocytes and abnormal semen parameters in a large population of infertility patients, Yanushpolsky et al. (1996) examined 1710 male patients in a prospective study. There was a strong relationship between increasing leukocyte concentrations in semen and abnormal semen parameters, but statistically and clinically significant correlations were only demonstrated at granulocyte concentrations of >2×10 6 /ml. De Geyter et al. (1994) showed that below 5×10 6 leukocytes/ml there is no correlation between WBC count and fertilization rate in vitro or pregnancy rate in the IVF programme.
In conclusion, the functional significance of WBC in human semen and the interaction between WBC or their secretory products and spermatozoa is poorly understood. Furthermore, the addition of antioxidant-containing solutions to the semen sample during liquefaction and centrifugation may reduce the detrimental effects of ROS to sperm cells during the process of sperm preparation for insemination procedures (Parinaud et al., 1997) . It is impossible to develop therapeutic strategies on the basis of total WBC count in semen alone. Exact diagnosis requires different stainings and qualitative and/or quantitative assay of leukocyte secretory products to differentiate between 'physiological' and 'pathological' leukocytospermia.
Reports on the effects of antibiotic therapy are conflicting. Treatment strategies trying to neutralize WBC secretory products are currently under investigation.
Viral infections
There is growing evidence that viral infections may contribute to male infertility either by direct toxic effects on cells in the male reproductive tract or indirectly by causing local inflammatory or immunological reactions that could adversely affect reproductive functions.
Bacterial infections of the reproductive tract principally ascend from the urethra. The male reproductive tract is immunologically privileged: the blood-testis barrier, formed by tight junctions between Sertoli cells, protects late stage testicular germ cells and spermatozoa which express unique antigens that can stimulate autoimmune responses. This blood-testis barrier normally prevents lymphocytes as well as antibodies and complement from infiltrating into the germ cell compartment. If infectious organisms penetrate into the seminiferous tubules they can possibly survive for extended periods by escaping immunosurveillance .
Allografts survive for prolonged periods in the testicular interstitium, possibly due to the immunosuppressive effects of testosterone.
A number of immunosuppressive factors have been isolated from various regions of the male reproductive tract including the epididymis, prostate and seminal vesicles. Human seminal plasma contains high amounts of these immunosuppressive factors which exert potent effects on cell types involved in immunosurveillance against infectious organisms and infected cells including T cells, B cells, natural killer (NK) cells, macrophages and PMN. In addition it has been shown that sperm cells are coated with an immunosuppressive carbohydrate sequence that may protect it from NK cells. Interestingly sperm cells and HIV seem to carry the same immunosuppressive carbohydrate sequence: a biantennary N-linked glycon carrying the bisecting GlcNAc sequence (Clark et al., 1997) . Clark et al. (1997) postulate that spermatozoa and pathogen apply similar mechanisms to escape immunosurveillance. On the other hand it is suggested that the nature of the immune response is dependent on whether or not the immune system perceives a 'danger signal', so that spermatozoa could evade immune attack by not activating a 'danger signal' whereas pathogens such as HIV may activate a danger signal but subvert a subsequent response (Barratt, 1997) . Besides serotesting, viral DNA or RNA can be detected in seminal plasma by amplification methods (PCR; LCR). These methods are absolutely specific and highly sensitive. Using these techniques, HPV (Green et al., 1991; Chan et al., 1994; Kyo et al., 1994; Anderson et al., 1996) , HBV (Meheus, 1995) , CMV (Yang et al., 1995; Anderson et al., 1996) , HSV1/2, HHV6 and EBV (Anderson, 1996) have been detected with high prevalence in semen of asymptomatic infertile patients (Table IX) . In patients with severely suppressed immune systems a combination of different viruses can often be detected (Koelle et al., 1997) . Recent studies show that the expression and secretion of virus DNA is to a great extent regulated by local immune reactions. Kelly (1997) showed that the interaction of prostaglandins and cytokines is of pivotal importance for stimulation and inhibition of cell-mediated defence mechanisms. The author showed that 19-hydroxy PGE stimulates IL-10 and inhibits IL-12, cytokines which are released by antigen presenting cells. This induces a direct effect on T cells, inhibiting NK cell function and biasing the CD4 cells to a T-helper-2 pattern of cytokine production away from one that would favour a cell-mediated response. Furthermore this may induce a tolerance of antigens that are presented together with the IL-10 or PGE. This facilitates invasion of viruses which can be transmitted in semen (Koelle et al., 1997; Howard and Bahadur, 1997) .
Although it has been postulated that HIV and other viruses can adhere to and associate with sperm, there is considerable evidence that HIV may also be found as well in cell-free genital tract secretions. HIV titres in genital tract secretions vary by several orders of magnitude between people and within individuals over time, being greatest just after seroconversion and with advanced immunosuppression, concomitant genital tract inflammation and decreasing with antiretroviral therapy (Mayer and An derson, 1995) . Gupta et al. (1997) measured viral load in semen and blood plasma by nucleic acid sequence-based amplification (NASBA). The authors found a median of 11 000 HIV-1 RNA copies/ml in whole semen and 5238 HIV-1 RNA copies/ml in seminal plasma which was 10-1000-fold higher than previous estimates. Viral loads in whole semen and seminal plasma were strongly correlated with blood plasma viral load and decreased significantly in patients following initiation of potent combination therapy with a protease inhibitor and a nonnucleoside reverse transcriptase inhibitor (Gupta et al., 1997) . Not only HIV RNA but also specific immunoglobulins of the IgG, IgA and IgM isotypes can be detected in seminal plasma (Haimovici et al., 1997) .
Therapeutic intervention for genital viral infections are under development and include nucleoside analogues and protease inhibitors (Skulnick et al., 1997) . However, for most of the viral diseases a curative treatment concept is still missing. If patients with viral infections seek infertility treatment the problem arises of how virus transmission can be prevented if assisted reproductive techniques are applied. Current semen processing methods such as swimup and Percoll gradient separation greatly reduce bacterial and viral contamination of the sperm fraction, used in assisted reproductive techniques such as intrauterine insemination or IVF. A complete elimination of viruses cannot yet be performed. Therefore the safety of treatment in couples with an HIV-infected partner is still a major concern and in many centres for assisted reproduction it is still a matter of debate whether these couples should receive assisted reproduction treatment.
Conclusion
Bacterial and viral infections are postulated to be important aetiological factors for male infertility. However, despite of extended diagnostic efforts providing highly specific and sensitive methods for detection of most of the bacterial and viral diseases, the causal link between infection and male infertility has not yet been established. The WHO definition for seminal tract infections is in several ways conflicting. It does not clearly differentiate between infection, contamination and colonization of the genital tract. Furthermore it does not take into account that type and number of bacteria detected greatly depend on the methodology used. The methods have to be standardized before threshold limits for bacterial concentration in semen are established.
C.trachomatis antibodies can frequently be detected in infertile male patients. The prevalence in infertile patients is higher compared with fertile men. However, it appears that the main influence of chlamydial infections on infertility is due to sexual transmission, resulting in tubal disease and subsequent infertility in the female partner.
The role of leukocytes in semen is still poorly understood. Leukocytospermia is normally associated with genital tract infection and/or impairment of semen quality. Different types of leukocytes exert different functions. Some leukocyte subtypes even seem to have protective effects by phagocytotic elimination of amorphous spermatozoa and cell detritus. Therefore leukocytospermia must not necessarily be associated with negative effects on male fertility. Activated leukocytes are capable of secreting cytokines and other factors which may adversely affect sperm function. New treatment strategies aim at neutralization of these secretory products and thereby improve sperm function. Antibiotic treatment of asymptomatic leukocytospermia is controversial because its therapeutic benefit has not yet been proven and antibiotic drugs may potentially have severe side-effects.
Viral infections might contribute to male infertility. Sexually transmitted viruses have been detected in semen of asymptomatic infertile patients. For most of these viruses amplification methods have been established to detect virus DNA/RNA with high sensitivity and specificity. It has been shown that mucosal cytokine and prostaglandin expression significantly contribute to the regulation of virus invasion and its defence respectively. For most of the viral diseases curative treatment is not available. In the context of assisted reproductive techniques sperm preparation methods are applied to reduce viral and bacterial load in the semen fraction used for insemination. By these preparation methods complete elimination of viral DNA/RNA cannot be expected. Current research focuses on the development of new drugs such as nucleoside analogues and protease inhibitors for treatment of virus diseases.
